IMPORTANCE Numerous studies have compared the results of on-pump and off-pump coronary artery bypass grafting (CABG), but little is known about how either the relative use of these procedures or their associated perioperative mortality have changed with time.
Methods

Patient Population
The VA Surgical Quality Improvement Program (VASQIP) prospectively collects risk and outcomes data on all patients who undergo cardiac surgery at any of 42 VA cardiac surgery centers. 17 After obtaining institutional review board approval and waiver of informed consent, we requested and received approval for the study from the Department of Veterans Affairs Surgical Quality Use Data Group. We evaluated data for all patients (n = 65 097) who underwent primary isolated CABG at the participating VA hospitals between October 1997 and April 2011. Patients who underwent reoperative CABG, any concomitant valve or great-vessel operation, or any other cardiac procedure were excluded. The data fields and definitions of the VASQIP were used.
The VASQIP data collection form requires entry of a number for both CPB and cross-clamp times. Hence, if a case is performed OFF, "0" is recorded for the CPB time. Neither field defaults to 0, which ensures that a recorded CPB time of 0 indicates an OFF procedure. The VASQIP started tracking the type of conversion (planned vs unplanned vs unknown conversions) in October 2004. A planned conversion is generally defined as any scenario in which the surgeon's intention was to use CPB for at least part of the procedure, whereas an unplanned conversion is defined as the use of CPB in cases in which the surgeon had originally intended not to use it. However, as with all database definitions, users' interpretations may vary. An intention-to-treat designation of ON vs OFF status was applied to the cohort of patients who underwent surgery over the period from January 2005 through December 2010 and for whom complete data sets on conversion were available (n = 25 368). Unplanned OFF to ON conversions were analyzed as OFF cases, and both planned conversions and conversions not known to be planned or unplanned were excluded from the intention-to-treat analysis. A subgroup analysis was conducted to evaluate the impact of the center's OFF CABG volume on OFF CABG use trends and conversion rates. High-volume centers were defined as those that performed at least 50 OFF CABG cases per year in 2002 and 2003.
In the VASQIP database, each patient's predicted risk of mortality (PROM) is reported. The PROM is automatically calculated by using a risk model developed from national VA data collected during the 3 years that immediately preceded the year of surgery. Correlation coefficients are calculated between the outcome (survival or death) and various potential preoperative risk factors. The most important, reliable, and objective risk factors are then used to prepare the risk-scoring system. 18 The mean yearly VASQIP PROM values were calculated to serve as reference benchmarks for actual yearly mortality outcomes. Actual mortality rates lower than the mean PROM reflect an improvement in risk-adjusted outcomes with time; conversely, actual mortality rates higher than the mean PROM reflect a worsening in risk-adjusted outcomes with time.
Outcome and Statistical Analyses
The primary outcome measure was the annual percentage of ON vs OFF CABG cases. Other outcome measures included trends over time of perioperative mortality (30-day or in-hospital) and the rate of conversion from OFF to ON CABG. The mortality rates were calculated as raw percentages for each year of the study period. Significance of changes in use and mortality rates across time for continuous variables were determined using regression analysis and the F statistic. For dichotomous variables, we used logistic regression and the χ 2 statistic. Both statistics test for a linear relationship with a nonzero slope. A P value <.05 indicated a statistically significant trend. All statistical analyses were conducted with SAS version 9.1 (SAS Institute Inc).
Results
Relative Use of ON vs OFF CABG
Of all the patients who underwent CABG during the study period, 17.9% (11 629 of 65 097) underwent OFF CABG. The relative use of OFF CABG peaked at 24% in 2003, followed by a slow and mostly consistent decline after that to stabilize at about 19% ( Figure 1 ).
Mortality Rates
The perioperative mortality of the entire cohort has stayed less than 2% since 2006. Mortality rates decreased over time for both ON and OFF CABG ( Figure 2 ) (P trend value <.001 for both ON and OFF). In addition, the PROM decreased with time for both the ON and OFF cases (P trend value <.001 for both ON and OFF). The trend was similar for the actual mortality and PROM for the intention-to-treat subgroup (Figure 3 ).
Conversions
The conversion rate decreased with time and has stayed less than 3.5% since 2007 ( Figure 4 ) (P trend value <.001). The PROM for converted cases was around 2% between 2005 and 2010, but the actual mortality of converted cases was 3.8%. In fact, actual mortality reached a high (10% and 9.5%, respectively) for unplanned conversions in 2008 and 2010 (Table) .
Impact of Center Volume
Only 7 of the 42 centers qualified as high-volume OFF CABG centers. These centers witnessed no decline in the use of OFF CABG, which stood at 54% in 2003 and fluctuated between 51% and 58% thereafter. The high-volume centers had a lower overall conversion rate than the low-volume centers (1.8% vs 3.6%; P < .001).
Discussion
In the 42 cardiac surgery centers of the VA system, the use of OFF CABG peaked a decade ago, when almost a quarter of all isolated CABG cases were performed OFF (Figure 1) . This reflects the reality that although OFF CABG offers the advantage of avoiding CPB and aortic manipulation, it is an inherently more technically difficult operation to perform. In addition, in general, there has been no evidence of a clear benefit of OFF CABG in terms of hard clinical end points. From a patient's perspective, both ON and OFF CABG are typically associated with a sternotomy incision and thus are perceived to be equally invasive. Therefore, many surgeons have little incentive to perform OFF CABG on a routine basis, and it is unlikely that there will be any resurgence of OFF CABG in the foreseeable future.
The results of the ROOBY trial 15, 16 and a recent Cochrane pooled analysis 13 of more than 80 trials that compared ON and OFF favored the short-and mid-term outcomes of ON CABG. But there are also convincing data in favor of OFF. The Coronary Artery Bypass Surgery Off or On Pump Revascularization Study (CORONARY), the largest randomized trial to date to investigate the relative efficacy of OFF CABG, 19 reported that the use of OFF CABG, as compared with ON CABG, significantly reduced the rates of reoperation for perioperative bleeding, acute kidney injury, and respiratory complications but increased the rate of early repeated revascularization. At 12 months after CABG, CORONARY reported similar outcomes for the ON and OFF cohorts. 20 The CORONARY study incorporated higher-risk patients and involved experienced OFF surgeons. Two large observational studies associated OFF CABG with reduced in-hospital mortality. 21, 22 An analysis of the Society of Thoracic Surgeons National Database showed that the OFF approach reduced risk-adjusted operative mortality and numerous morbidity outcomes. 23 However, the study focused on centers that perform more than 50 OFF cases per year.
The OFF approach has its avid advocates among surgeons and at dedicated OFF centers that report excellent outcomes. In addition, the OFF strategy is particularly useful for patients with hostile aorta and certain high-risk patient profiles. Therefore, OFF is a valuable technique in the armamentarium of cardiac surgeons and is here to stay, but its use rate has plateaued, as shown by our data, and is unlikely to increase in the foreseeable future.
The reduction in the perioperative mortality of both ON and OFF CABG with time is consistent with, and an extension of, a national trend in CABG mortality reported for the 1990s. 24 Because the VASQIP PROM is time sensitive and continuously updated with data from the 3 years preceding the year of surgery, a decrease in PROM with time represents a decline in riskadjusted mortality (Figure 2 ). We believe that part of this effect is probably due to the continuous feedback of the data to physicians who are caring for the patients and the use of the VASQIP database by the VA for quality control and program oversight. This, coupled with improvement in technology and perioperative care, has undoubtedly contributed to better CABG outcomes.
The overall conversion rate decreased over time from more than 5% in 2005 to less than 2% in 2010 (Figure 4 ). Contemporary OFF CABG series from experienced centers report a conversion rate around 2%. 23, 25 One can speculate that over time, surgeons gained more experience and were therefore less likely to convert when faced with anatomic and technical challenges, including difficult target exposure and intramyocardial or small targets. In our study, the decline in unplanned conversions with time was modest (from 1.5% to 0.6%) and was not the main factor driving the decrease of the overall conversion rate. But because unplanned conversions are typically related to hemodynamic instability, experience may be of limited help in mitigating the risk associated with such conversions.
What is clear from our data is that converted cases are associated with increased mortality (Table) . Conversion from OFF to ON CABG is generally associated with poor outcomes. [25] [26] [27] In fact, a recent meta-analysis reported that, overall, conversion increased mortality risk by an odds ratio of 6.18 (95% CI, 4.65-8.20), whereas emergency conversion further raised the odds ratio of mortality to 6.99 (95% CI, 5. 18-9.45 ). 27 The impact of surgical volume on use rates of OFF CABG and conversion rates highlights the importance of experience in choosing a revascularization strategy. In the VA system, it appears that the overall decline in OFF use is primarily driven by the lower-volume OFF centers, which constitute the majority of the centers.
Our study is limited by the absence of center-and surgeonlevel data, so the effects of the learning curve for OFF CABG and surgeons' experience on OFF use, conversion rates, and outcomes could not be evaluated. The conversion rate varied widely (0%-55%) across surgeons in the ROOBY trial. 28 Because our data were not derived from a trial designed to specifically capture all conversions from OFF to ON CABG, it is possible that we may not have captured all conversions and, therefore, that we underestimated the conversion rate. In addition, the classification of planned vs unplanned conversions is limited because it is subject to the surgeon's and data manager's interpretation of the database definitions. The study's strengths derive from its use of a large, robust, and validated prospective database that is mandatory for all VA cardiac centers and is known for its completeness, thus representing the "real-world" experience in the VA system.
The clinical implication of this study is that for the average VA surgical practice, there should be no pressure to either perform or avoid ON CABG. Rather, the focus should be on 
